An intronic splicing enhancer element in survival motor neuron (SMN) pre-mRNA.
Spinal muscular atrophy is caused by the homozygous loss of survival motor neuron 1 (SMN1). SMN2, a nearly identical copy gene, differs from SMN1 only by a single nonpolymorphic C to T transition in exon 7, which leads to alteration of exon 7 splicing; SMN2 leads to exon 7 skipping and expression of a nonfunctional gene product and fails to compensate for the loss of SMN1. The exclusion of SMN exon 7 is critical for the onset of this disease. Regulation of SMN exon 7 splicing was determined by analyzing the roles of the cis-acting element in intron 7 (element 2), which we previously identified as a splicing enhancer element of SMN exon 7 containing the C to T transition. The minimum sequence essential for activation of the splicing was determined to be 24 nucleotides, and RNA structural analyses showed a stem-loop structure. Deletion of this element or disruption of the stem-loop structure resulted in a decrease in exon 7 inclusion. A gel shift assay using element 2 revealed formation of RNA-protein complexes, suggesting that the binding of the trans-acting proteins to element 2 plays a crucial role in the splicing of SMN exon 7 containing the C to T transition.